SUMMARY A model has been developed for ordering diagnostic tests in jaundiced patients. The system proceeds in two steps: (i) diagnostic hypotheses are calculated for each patient from the results of physical examination and routine biological investigations; (ii) given these hypotheses, the most efficient test (out of 22) for reaching the final diagnosis is selected using four criteria: diagnostic value, risk, financial cost, and time in obtaining the result. This model was tested in 62 patients. In 43 of them (69%), the selected test was sufficient for reaching a diagnostic accuracy of 100%. In this group of patients, a mean of 3-7 (range 1-6) tests per patient was ordered by physicians. In the 19 remaining patients, the selected test was not sufficient for the final diagnosis, thus requiring a multiple choice process. It is suggested that such a system could help physicians to improve the care of patients by more efficient ordering of diagnostic tests.
During the last decade, impressive advances in medical technology have provided many new diagnostic tests. Because of the large number of tests now available, the main difficulty for physicians today is not to reach the final diagnosis but to define the most efficient approach for the final diagnosis. In recent years, the cost related to testing has become a major factor in the growth of health care expenses, and many publications have focused on the selection,14 and on the cost effectiveness5 6 of diagnostic tests.
For correct ordering of tests, physicians should theoretically have in mind precise and up to date information about all relevant tests, in particular their sensitivity, specificity, potential risk of morbidity and mortality, and financial cost. Obviously, this ideal situation is rarely attained, and it has been postulated that difficulties in managing patients are partly because of man's inability to handle many different parameters simultaneously.7 8 Because they do not have such a limitation, computers were thought to provide valuable help in this field. The model that we have developed concerns patients hospitalised for jaundice of unknown aetiology. Its aim is to select in these patients the 'best' diagnostic test -that is, the test which is expected to lead directly to the final diagnosis, within a cost effective framework. Results obtained for 62 patients suggest that this model is capable of correctly selecting the appropriate diagnostic tests in jaundiced patients and could help clinicians to reduce the number of tests.
Methods

DESCRIPTION OF THE MODEL
The model derives in part from a computer aided system that we previously developed for the diagnosis of diseases of the liver and biliary tract.9 In the present study, its utilisation was limited to patients with conjugated hyperbilirubinaemia. The differential diagnosis was made from 36 hepatobiliary diseases which together represent more than 95% of all the diseases possibly associated with conjugated hyperbilirubinaemia. The a priori and the conditional probabilities, which act on the model through the use of Bayes' theorem, were estimated as detailed in previous publications.911 These data were provided from a sample of more than 1000 patients with liver disease. The model includes two successive steps: in the first step, the diagnostic probabilities are calculated for each patient from the following parameters: (i) 30 where Pj expresses the probability of the disease j, wk the weight of the criteria k, and Cijk the value of criteria k for the test i if the disease is j. Thus, the first test selected was that which had the lowest calculated global score.
EVALUATING THE MODEL
The selection of the diagnostic tests was retrospectively studied in 62 patients hospitalised consecutively in our liver unit for evaluation of conjugated hyperbilirubinaemia. There were 35 men and 27 women, ranging in age from 17 to 89 years, the average being 50 years. In each case the final diagnosis was firmly established (liver histology, laparotomy, necropsy, or prolonged clinical followup) ( Table 2 ).
The results were analysed: (i) in comparing the test proposed by the model to those carried out by the clinicians who had previously managed the patients; (ii) in evaluating the diagnostic efficacy of Examination of the diagnostic hypotheses computed at the first step of the model with only basic information showed that the model correctly discriminated patients with intrahepatic from those with extrahepatic jaundice: in fact, a correct separation according to the site of jaundice was achieved in 59 out of 62 patients (95%). Not surprisingly, however, the performances were lower for diagnosing the precise cause of jaundice; this was achieved in only 34 patients (54%). In addition, among these 34 patients, a confident diagnosis (probability >0.95)
was made by the computer in only 20 cases. These results are due to the fact that in most cases, the basic information available at the first step was not sufficient to reach a final diagnosis, supporting the utility of computer aided selection of diagnostic tests.
SELECTION OF DIAGNOSTIC TESTS
(1) Characteristics of the selected diagnostic test The list of diagnostic tests proposed by the model in the 62 patients is shown in Table 3 . For each patient, the test selected by the computer from the global score was compared with the test that the computer would have selected by considering only the di- Percutaneous liver biopsy 4 6 Computed axial tomography of the abdomen 4 7 Transvenous liver biopsy could be further separated into three categories: (i) Four patients for whom the computed selection was correct by reference to the final diagnosis but in fact failed to reach it due to a false negative result. (ii) Ten patients for whom the computed selection was again correct, but in whom the final diagnosis required necessarily more than one test. (iii) Five patients for whom the final diagnosis actually required another diagnostic test than that selected by the program. In three out of these five patients, the final diagnosis was not among the main diagnostic hypotheses computed at the first step. As the diagnostic tests were selected from these hypotheses, this explains the inadequate selection of the model in these cases. Although a comparison between computer and physicians was not the aim of this study, we examined the number of tests actually undertaken by physicians for each patient of the two groups (Table 5 ). In Group 1 (in which the computed test alone would have been sufficient) the number of tests ranged from one to six. This number ranged from two to seven in Group 2. 
Discussion
The large number of diagnostic procedures now available in medicine probably contributes to improve the performances of physicians, but certainly increases the financial cost of testing. Computers, with their ability to store large amounts of data and to carry out complex operations, have been shown to be of interest in various areas of medical diagnosis.9 12-15 Thus, it could be assumed that they might also optimise the process of ordering of diagnostic tests. To our knowledge, the model reported here represents one of the first examples of computer aided selection of diagnostic tests. We deliberately considered the problem of jaundice because of our previous experience of a computer aided system in hepatology, 10 and also because of the practical importance of this problem: cholestatic jaundice is a frequent cause of admission and the optimum management of such patients, partly because of the multiplicity of diagnostic tests, remains problematic.
The methodology that we have adopted in this program closely mimics the diagnostic approach of physicians and proceeds in two steps. In the first step, using the Bayesian probability theory, the program proposes diagnostic hypotheses (expressed as probabilities) which are computed from clinical information and from the results of routine tests. In the second step, the model selects the diagnostic test which is expected to lead directly to the final diagnosis with the lowest global score. To formulate its choice, considering the initially computed diagnostic hypotheses, the model takes into account the expected diagnostic value and risk of the available tests. It also considers two important but often overlooked criteria: the financial cost of the test and the delay in obtaining its result. The latter parameter is of great interest because of its obvious interference with the speed of the diagnosis and consequently with the cost of hospital care. With the introduction of these financial criteria, the selection provided by the computer is expected to be costeffective, and this is in accordance with the recommendations of all policies dealing with health care.1618 Among the criteria which we used, the patient's discomfort due to the tests as well as tests associating therapeutic usefulness with diagnostic value -for example, sphincterotomy combined with endoscopic retrograde cholangiography, were not taken into account. Although the importance of these factors is recognised there is too little information available at the present time in the literature to allow their quantification.
Our data suggest that the model which we have developed is able to provide an appropriate selec-tion of diagnostic tests and thus, could help physicians in their diagnostic process. First of all, the test selected for each patient appeared to be always coherent with the diagnostic hypotheses computed in the first step. In addition, when possible contraindications were checked, none of the selected tests was contra-indicated by these hypotheses. As concerns the nature of the tests chosen by the model, it is now well recognised that the first diagnostic test to be carried out in patients with cholestatic jaundice must be non-invasive1922 and this is exactly the procedure followed by the model. This explains why percutaneous cholangiography or retrograde cholangiography, two procedures with a very high diagnostic value, were not chosen by the model as the first test. In contrast, as expected, ultrasonography of the abdomen was the most frequently selected test.
The selected test did (or was expected to) lead directly to the final diagnosis in 43 out of the 62 patients (69%). This was observed mainly in biliary obstruction, liver carcinoma and viral hepatitis: indeed, in the first two conditions, the most frequently selected test (ultrasonography, computed axial tomography, peritoneoscopy) have a high diagnostic accuracy. As viral hepatitis is concerned, among the 25 cases included in this study, 15 The comparison between the tests selected by the computer and those carried out by the physicians in the same patients, shows that in 21 out of the 62 patients (34%), the test selected by the model had not been ordered by the physicians. This was observed especially in the cases of liver carcinoma. At least two factors explain the lack of complete concordance: (i) several diagnostic tests, especially when liver carcinoma is suspected, have approximately the same diagnostic value and risk, but differ in their financial cost and delay in obtaining the result. The difference that we observed between computer and clinicians in such cases was due to the fact that the selection of the computer was more often cost-dependent than the one of physicians; (ii) in contrast with the clinician's approach, the model does not take into consideration possible changes in the patient's condition during hospital care. In such cases, diagnostic hypotheses may change and consequently, the diagnostic tests proposed may be different.
The greater number of tests ordered by physicians as compared with the computer can be explained in various ways: (i) It is clear that, when faced with a complex diagnostic problem, physicians, unlike the computer, may not imagine all the possible hypotheses and, consequently, are not in optimum conditions to select the best discriminating tests; (ii) new techniques, because attractive, are often ordered before their benefits or risks have been assessed properly. This results in old and new diagnostic tests being carried out on the same patient, without necessarily improving the diagnostic accuracy; (iii) hoping to reduce the time of diagnosis, physicians often prefer simultaneous ordering of a complete set of diagnostic tests to sequential ordering. At the present time, we do not know the best way to order diagnostic tests -that is, sequential (the computer's way) or global (the usual physicians' way) and studies comparing these two methods should be undertaken. Such a comparison between computer and physicians has, however, to be interpreted cautiously. In the present study, the selections made by the computer and the clinicians were compared retrospectively. In fact, when physicians managed their patients, they were not told that their plan of investigation would be subsequently compared with a computer model. If they had been advised of this, their diagnostic approach would perhaps have been different. It has in fact been shown that, when physicians are aware of the parallel use of a computer model, they are stimulated to improve their own clinical performance.23
Two criticisms of the present study must also be answered. Firstly, the retrospective study of patients prevented us from evaluating precisely the actual efficiency of the tests selected by our model. Ideally, this efficiency should be tested in a prospective way on patients randomly assigned to be managed either by the model or by physicians. Such a methodology, however, could not be ethically envisaged before having tested the safety of our system. Secondly, the accurate selection of diagnostic procedures clearly depends on the diagnostic hypotheses computed in the first step of the program. If these diagnostic hypotheses are not correct, the tests selected may be inadequate. In fact, it has been shown previously that the performance of the model at this step was equivalent to that of hepatologists (and significantly better than that of internists).9 Moreover, in the present study, the final diagnosis was included in the first four diagnostic hypotheses proposed by the computer, in 88% of all cases.
Although a number of computer aided diagnostic systems have been developed, only a few are actually used routinely. Several characteristics of our model lead us to suggest that it could be easily accepted and used by clinicians. As stated previously: (i) the model mimics their overall diagnostic approach; (ii) in contrast with most computer systems proposed for liver diseases,2v26 the number of possible diagnoses envisaged is large but the number of parameters used for the computation of the diagnostic hypotheses is low; (iii) finally, this model is one of the first which has been specifically developed for improving the selection of diagnostic tests: with potential exception for computed axial tomography of the abdomen, each of the diagnostic tests is now available in all medical institutions. 
